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Abstract 
Hydroxyapatite is Ca5(PO4)3(OH) (HA) is a material used as a bone filler and dermal or therapeutic drug vehicles, due to their 
biocompatibility, bioactivity and relative reabsorption in hard or soft tissue. In particular, applications of facial fillers and 
cements formulated with HA require that this is available in the form of spheroidal particles, with size greater than 40 microns, 
with the purpose of reducing the in situ inflammation of connective tissue. Chemical synthesis techniques are limited to produce 
smaller particles, in micro or nanometric size. This paper proposes the reprocessing of the natural HA particles, obtained from 
fresh bovine bone, which is subjected to chemical and thermal treatments (pyrolysis in an oxidizing atmosphere at 900 C for 2 h), 
grinding and sieving (particles less than 200 μm). These particles are atomized into plasma spray equipment that draws in a N2 
flow, and projects them in distilled water. This material is observed by electron microscopy, which revealed the formation of 
spherical particles with smooth surfaces and with a size distribution of 20-70 μm. X-ray diffraction analysis revealed the partial 
decomposition of the HA in other calcium phosphates: D-Ca3(PO4)2 and Ca4(PO4)2O, essential phases of the formulation of 
bone cements, which accelerate the absorption of the biological particles in the biological medium, requirement searched in 
facial fillers. The process would increase the size of the spherical particles. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the scientific committee of SAM - CONAMET 2013. 
 
Keywords: Fatial filler; bone sustitute; hydroxyapatite; plasma  spray. 
* Corresponding author. Tel.: 54-011-4343-0091; fax: 54-011-4313-1852. 
E-mail address: andres.ozols@gmail.com 
 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and peer-review under responsibility of the scientifi c committee of SAM - CONAMET 2013
320   C. Martinez et al. /  Procedia Materials Science  8 ( 2015 )  319 – 323 
1. Introduction 
Hydroxyapatite Ca5(PO4) 3(OH) (HA) is a compound similar to the mineral phase of bone tissue, which is used as 
a bone filler, dermal therapeutic drugs or vehicles, due to its biocompatibility, bioactivity and relative reabsorption 
in hard or soft tissue [Liu (2007)]. In particular, applications such as facial fillers and bone substitute require that 
HA is available in the form of spheroidal particles with a size greater than 40 microns, for the purpose of reducing 
the inflammation of in situ connective tissue [Eid (2001)]. Chemical synthesis techniques are limited to produce 
smaller particles, both in micro or nanometric scale. 
The aim of this paper is to analyze the technological feasibility of producing spheroid particles with sizes greater 
than 40 microns, through bovine bone reprocessed following chemical and thermal treatments [Luo (1999), Wang 
(2009) and Santos (2009)], alternative to traditional chemical synthesis and intended for implantation in human 
tissues. 
2. Experimental procedure 
The natural hydroxyapatite used in this experiment is obtained from fresh bovine bone (HAB), which is 
subjected to repeated washings in solutions of 1-5 % (in weight) of acetic acid, ammonium bicarbonate and 
hydrogen peroxide in double distilled water, thus obtaining full degreasing and hemoglobin and bone marrow 
removal. Subsequently, the bone is dried in electric oven (at 250 °C for 2 h) and pyrolyzed under hot air flow in an 
electric furnace (at 900 °C for 2 h). HAB is ball-milled and sieved into two particle fractions, f1 and f2 (particle size 
< 210 and 210-350 μm, respectively). 
Both fractions are injected into the flow of carrier gas (nitrogen and hydrogen mixture) of 40 KW plasma spray 
equipment (PS) (Sulzer Metco, 3MB II model, Switzerland), where HAB undergoes a thermal process, under two 
operating conditions (65 V and 70 V at 300 Amp). This equipment generates the partial or complete melting of HAB 
particles, which are projected by the gas plasma jet in distilled water, located 100 mm away. Here, the rapid 
quenching of HAB semi-solid particles or atomization of the melted material takes place, followed by rapid 
solidification. These particles are filtered and dried for the following studies. 
The particle size distribution before and after PS processing is analyzed with a laser scattering equipment (LS) 
(Malvern Mastersizer, model 2000, USA). The morphology is observed by scanning electron microscopy (SEM) 
(Zeiss Supra 40 model, Germany), while the local chemical analysis is carried out by energy dispersive spectroscopy 
(EDS) (Oxford Instruments, United Kingdom). Phase distribution is analyzed by X -ray diffraction (XRD) (Rigaku, 
Japan), operated at 40 kV, with a filament current of 30 mA, employing a vertical goniometer in T-T configuration, 
provided with a Cu anode tube (wavelength OKD= 0.154 nm), and performing 2 θ angular scans of 10-70"with a step 
of 0.02". 
3. Results and discussion 
SEM observations highlight the effect of thermal energy in the process displayed on the irregular shaped HAB 
particles that feed PS equipment (Fig.1). The PS processing produces their partial atomization, resulting spherical 
particles (Fig.2) and blunt edge particles devoid of roughness (Fig. 3). 
The particles are spherical particles with smooth surfaces, almost free of inclusions or irregular features, when 
diameter is smaller than 70 μm (Figs. 2-3). This demonstrates the complete melting of these HAB particles within 
plasma, which culminates with their rapid solidification into water. However, the energy involved in the PS process 
appears to be insufficient for complete melting of larger particles. Some of them exhibit the morphology of 
unprocessed HAB particles, probably due to non uniform temperature distribution in PS nozzle, while the rest have 
blunt edges or elongated and ellipsoid shapes, indicating that partial fusion occurs (Fig. 4).  
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Fig.1. Characteristic morphology of the HAB milled particles of the 
fraction greater than 210 microns. SEM micrograph. 
Fig.2. Morphology and size distribution of spherical HAB processed 
by plasma spray, when the equipment is feed with particles smaller 
than 210 microns. SEM micrograph. 
  
Fig, 3. Featureless surface of a spherical particle. SEM micrograph. Fig. 4. Overall aspect of plasma sprayed HAB when equipment is feed 
with particles smaller than 210 μm. SEM micrograph. 
The particle size distributions, determined by laser scattering, before and after the PS processing do not 
correspond to pure Gaussian distributions (Figs.5-6). These size ranges are not completely in agreement with the 
registered by mechanical sieving. This effect can be attributed to particle flocculation, as observed with SEM, and 
which tends to form particle aggregates, due to the accumulation of surface electrostatic charge in ground HAB 
particles.  
Table 1. Volume percentage proportions of HAB particles before and after plasma spray processing 
 Particles < 210 μm 
%  in Volume 
Particles 210- 350 μm 
%  in Volume 
Size Range 
[μm] 
Before PS 
Max 46 μm 
After PS 
Max 79 μm 
Before PS 
Max 316 μm 
After PS at 65 V  
Max 182,0 μm 
After PS at 70 V 
Max 182,0 μm 
Max 4,7 7,3 9,0 8,2 7.6 
20-70 23 23 1,5 3,3 5,0 
40-90 20,7 32,0 1,4 5,8 8,4 
90-160 24,1 35,6 4,9 18,1 21,6 
160-360 43,2 25,1 47,1 58,5 57,1 
Rest 12,0 7,3 46,6 17,6 12,9 
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The PS processing modifies the characteristic parameters of size distributions (Fig.5-6) by modifying the volume 
fractions of particles in the ranges indicated in Table 1. Thus, the PS increases the volume content in the 40-90 and 
90-160 μm fractions from 21 to 32 %, and from 24 to 36 %, respectively, when the equipment is feed with particles 
smaller than 210 μm. In particular, the fraction of perfect spherical particles corresponds to 20-70 μm range and 
represents 23% of total volume. 
 
Fig. 5. Particle size distribution before and after by plasma spray when the initial particles are less than 210 microns. 
 
 
 
In contrast, the equipment feeding/fed with particles in the range 210-350 μm increases the volume content in the 
40-90 and 90-160 μm fractions from 1,4 to 5-8 %, and from 5 to 18-22 %, respectively. The percent ranges are due 
to variations of operating conditions (65 or 70 V). Now, the fraction of 160-360 μm is increased from 47 % up to 
55-57 % (Fig. 6). All these increases may indicate a tendency to particle coalescence, like a bonding between 
particles of different initial sizes. The plasma energy seems to be not enough to complete melting of large particles, 
left in semi-solid stage, which does not allow the action of surface tension, only feasible in liquid state. Thus, the 
processing results in elongated particles with smooth edges (Fig. 4). Finally, the fraction of spherical particles 
results insignificant, close to 3-5 %. 
  
Fig. 6. Particle size distribution before (and after of the process of plasma spray atomization, when the starting particles are 210-350 microns. 
X-ray diffraction analysis revealed the partial decomposition of HA (file 34-0010) in E-Ca3 (PO4)2 (β-TCP) (55-
0898) [ICDD (2005)] (Fig.7). This phase is known that accelerates phase biological reactivity by stimulating 
collagen synthesis, requirement searched in facial fillers [Liu (2007)].  
The β-TCP weight fraction is around 7%, which is estimated from the ratio of intensities corresponding to the 
position of the maximum of each phase. However, neither tetra-calcium phosphate, Ca4O9P2 (70-1379) nor 
tricalcium phosphate D-Ca3(PO4)2 (09-0348) are undetectable. These high temperature phases could be retained 
during the thermal decomposition process of the HA, followed by rapid cooling [Liao (1999) and Ou (2013)]. Thus, 
the PS processing can induce the following reaction [Liao (1999) and Ou (2013)]: 
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2Ca5(PO4)3(OH) → 3 E-Ca3O8P2 + CaO + H2O                                                        (1) 
 
Fig. 7.  Diffractograms characteristic of HA (black) and after thermal spraying (red), which can be evidenced by the partial decomposition of HA 
in E-Ca3(PO4) 2 (55-0898). 
4. Conclusions 
Fresh bovine bone processing composed by chemical treatment, pyrolysis, and thermal processing by plasma 
spraying technique shows the feasibility to produce spheroid hydroxyapatite particles, larger than those obtained by 
chemical synthesis of nano-particles, combined with spray drying. The size range of perfectly spherical particles is 
20-70 microns, which represents 23% of the proceeded volume, when the equipment is fed with irregular particles 
smaller than 210 μm. The rest of the particles are spheroidal, tendency more remarkable when the feeding is made 
with larger particles. In addition, plasma spraying promotes the partial thermal decomposition of hydroxyapatite in 
E-tricalcium phosphate by almost 7% of its weight. This phase is known by its biological reactivity, stimulating the 
synthesis of collagen. However, further studies will be required to evaluate the biological response to this kind of 
spherical particles. 
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